he cost of overactive bladder (OAB) is a significant financial burden on patients, families, and the health care system. In 2000, the total economic cost of OAB in the United States was estimated at $18.2 billion, which is more than either osteoporosis or Parkinson' s disease. OAB costs at the community level were approximately $13.8 billion, while costs at institutions were $4.4 billion.
The side effects from OAB drug therapy have resulted in poor compliance and, subsequently, low persistence with therapy over time. 4, 8, 9 Persistence with drug therapy is important for achieving long-term treatment benefits. In a number of retrospective claims studies, patients receiving tolterodine have been shown to remain on therapy longer than those receiving oxybutynin. 6, [9] [10] [11] [12] [13] [14] [15] There is also evidence that suggests that OAB patients who are able to continue with medication have greater symptom improvement and use fewer resources. 16 Phase III clinical trials of controlled-release oxybutynin have indicated better patient compliance, reduced side effects, and equivalent efficacy as compared to oxybutynin IR. [17] [18] [19] Both extended-release tolterodine and controlled-release oxybutynin have been shown to be more effective and better tolerated than immediate-release tolterodine. 20, 21 These data further suggest that extended-release tolterodine has better tolerability and fewer side effects than controlled-release oxybutynin. Although there are no head-to-head studies to suggest that one of the extended-release drugs is more efficacious than the other, one recent study compared extended-release tolterodine to controlled-release oxybutynin using a 4-way crossover design in a small number of patients. 22 Using change in bladder capacity as a surrogate for efficacy, a 6 mg dose of extended-release tolterodine was found to be equivalent to a 20 mg dose of oxybutynin. However, the 6 mg dose of extended-release tolterodine produced a side-effect profile with respect to dry mouth similar to the 10 mg dose of controlled-release oxybutynin. This implies that extended-release tolterodine might be as efficacious as oxybutynin but has an improved tolerability profile.
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A B S T R A C T
OBJECTIVE: To compare the estimated first-line treatment costs of extended-release tolterodine versus controlled-release oxybutynin in patients with overactive bladder (OAB).
METHODS: We developed a decision-analysis model to estimate the patterns of treatment, resource consumption, and cost impact of treating OAB with either controlledrelease oxybutynin or extended-release tolterodine as first-line drug therapy. We used data from the published literature to develop the framework for the model and supplemented this information with expert opinion, where necessary. Based on recent clinical studies, we assumed equal efficacy between the comparators and reduced the model to a cost-minimization analysis. The model was constructed from the payer perspective, and all costs are given in 2000 U.S. dollars.
RESULTS: A base-case analysis was generated showing that patients initiating therapy with extended-release tolterodine have probable average 3-month treatment costs of $1,207 compared to $1,283 for patients initiating with controlled-release oxybutynin, for a 6.3% difference. First-line OAB direct drug costs account for 19% and 15% of total costs for extended-release tolterodine and controlled-release oxybutynin, respectively. Sensitivity analysis showed these results to be relatively stable.
CONCLUSION:
The results from this analysis suggest that for patients with OAB and initiating long-acting pharmacologic therapy in the primary care setting, the treatment with extended-release tolterodine is slightly less costly than treatment with controlledrelease oxybutynin. Studies directly comparing these treatment alternatives are needed, however, to determine which approach or combination of approaches is the most cost-effective.
A Pharmacoeconomic Model Comparing Two Long-Acting Treatments for Overactive Bladder
Economic considerations of the treatment of OAB have been previously described. [23] [24] [25] These economic analyses have focused primarily on comparing the immediate-release forms of tolterodine and oxybutynin or long-acting oxybutynin with immediate-release tolterodine. 26, 27 However, one recent economic analysis compared the 2 long-acting products and suggested that extended-release tolterodine might be less costly overall than controlled-release oxybutynin. 28 The objective of our analysis was to develop a decisionanalysis model to compare the 3-month economic impact of treating OAB with extended-release tolterodine and controlledrelease oxybutynin.
■■ Methods
This model estimates the patterns of treatment, resource consumption, and cost impact of treating OAB with either controlled-release oxybutynin or extended-release tolterodine as first-line drug therapy. We used data from the published literature to develop the framework for the model and supplemented this information with expert opinion, where necessary, due to a lack of published data. Expert opinions were obtained using a modified Delphi method from 4 practicing urologists who have experience in the field of overactive bladder research and treatment. They utilized their own personal knowledge and professional experience in responding to a specific set of questions regarding specific data points. Specifically, we used expert opinion to (1) estimate the percentage of patients who receive various treatments in the model and (2) confirm or modify estimates regarding drug dosing and resource consumption.
After the first round of estimates were obtained, each panel member was provided, in a blinded manner, with the estimates obtained from the other experts and given the opportunity to make adjustments, if they felt it was necessary. The results from the second round were averaged to obtain the final estimates used in the model. The ranges were used in sensitivity analyses.
This analysis was conducted from a payer perspective. All costs were obtained from published literature and standardized databases (Table 1 ) and are given in 2000 U.S. dollars.
Treatment Comparators
We limited our comparison to the long-acting forms of oxybutynin and tolterodine. Given that the limited number of studies including one or both of these drugs did not suggest that one treatment is more effective than the other, we assumed they were equally effective. Figure 1 shows a schematic of the decision-analysis model used. The model includes outpatients with a diagnosis of OAB seeking treatment from primary care physicians (PCPs). Patients entering the model are diagnosed as having OAB with an age range of 20 to 89 years (mean 60 years), matching that of key, published clinical studies. 20, 21 Patients are assumed to be already using behavioral therapy techniques in addition to drug Table 2 .
Model Design
Resource Consumption
The following resources are included in the model: medications, physician visits, incontinence pads, physical/behavioral therapy, procedures/tests, treatment of comorbid conditions, and productivity losses (Table 1) . Medication costs are calculated using average wholesale prices (AWP). Urinary tract and skin infection costs are based on claims data from California' s Medicaid (Medi-Cal) program. All other costs reflect actual payments based on published diagnosisrelated group and physician fee schedules. All costs were inflation-adjusted, if necessary, to reflect 2000 U.S. dollars using the U.S. Bureau of Labor Statistics CPI-U for Medical Care Services. We assume that the use of incontinence pads, the incidence of comorbid conditions, and the degree of productivity loss will vary based on the extent to which patients required modifications to their initial treatment. For these resources, we assume 3 levels of possible consumption: low, medium, and high. The low and high consumption levels are based on information in the published literature and from expert opinion, while the medium consumption level is calculated as an average of the low and high estimates. The levels are applied to all patients within a specific patient group, as outlined below:
• Continue Monotherapy (no dosing changes)-low consumers • Add or Switch Therapy (and monotherapy dosing changes) -medium consumers • Discontinue All OAB Therapy-high consumers Variable resource rates used in the model are shown in Table 3 . Our rationale for assigning these varying levels of resources was based on a retrospective study, 29 where patients switching OAB medication during the follow-up period had approximately 12% higher median per-member-per-month (PMPM) total costs from baseline. In comparison, the group that was maintained on the same OAB therapy had approximately 45% lower median PMPM total costs from baseline. This suggests that patients who switched OAB medication in the follow-up period due to treatment failure incurred PMPM total costs 56.6% higher than subjects who remained on the same OAB medication.
The model does not include patients with OAB who do not seek professional treatment and, hence, presumably consume few medical resources. Resource consumption characteristics and patient quality of life have not been adequately studied in patients who do not seek treatment for OAB.
Resource utilization associated with key adverse events, such as dry mouth, are reflected in the treatment rates as well as subsequent dose reductions, therapy changes, and discontinuations. Other adverse events are considered to be similar in terms of rates and/or resource utilization between comparators.
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Drug Dosing
We assume a starting dose of 4 mg daily for extended-release
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Model Schematic
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tolterodine and 5 mg daily for controlled-release oxybutynin with an increase to 10 mg after one week (package insert). 30 We assume that patients requiring a dosage increase at 6 weeks will be prescribed extended-release tolterodine 6 mg daily or controlled-release oxybutynin 15 mg daily. Patients requiring a dosage decrease will be prescribed extended-release tolterodine 2 mg daily or controlled-release oxybutynin 5 mg daily. Patients receiving imipramine received 50 mg 3 times daily, and patients receiving estrogen received estrogen cream 2 gm every other day. For patients receiving "Other Drug Therapy," we developed a representative cost based on commonly prescribed doses of flavoxate, dicyclomine, and hyoscyamine.
Office Visits
Our model assumes an initial consultation with a PCP when beginning drug treatment. Follow-up visits occur at 6 weeks and 3 months following initiation of drug treatment. We assume that all patients in the "Discontinue OAB Treatment" group have one PCP physician visit at 6 weeks, and that by 3 months, these patients are either referred to a specialist or discontinue treatment altogether. We assume that all patients seeking treatment are established patients rather than new patients, and they are assigned CPT-4 codes of 99213 or 99214 for the office visits, depending upon whether a change in treatment was required. For urologist-referral visits, a CPT-4 code of 99244 was assigned.
Physical/Behavioral Therapy
We assume that all patients enter the model already receiving behavioral therapy and that drug therapy can be used in combination. Additional nonpharmacologic therapies include biofeedback and electrical stimulation.
Procedures/Tests
We assume all patients have had a urinalysis before entering the model and beginning drug treatment. We assume that patients who are referred to urologists will have another urinalysis. We assume that some patients who add or switch therapy will receive another urinalysis during their next office visit and that patients who continue to be managed by their PCP will have no further monitoring or tests. Patients referred to urologists will have additional procedures, as shown in Table 4 .
Incontinence Pad Usage
For the proportion of OAB patients with urge incontinence (37%), 5 we assume they use an average of 4 pads per day at baseline. After treatment, low resource consumers require an average of 2 pads per day, the medium group will use 3 pads per day, and high resource consumers continue to use 4 pads per day.
Comorbid Conditions
We included the cost of treating urinary tract infections (UTIs), skin infections, fractures, and depression as OAB patients are at greater risk for all of these comorbid conditions. 31, 32 The rates of these events were determined from published literature. 26, 31, 33 The frequency of treatment for these events vary based on treatment characteristics, such that low resource consumers experience fewer events and require the fewest treatment services, while high resource consumers experience more frequent events and require more treatment services. 
A Pharmacoeconomic Model Comparing Two Long-Acting Treatments for Overactive Bladder Productivity and Work Loss
Employer costs of OAB include sick leave, short-term disability, worker' s compensation, pharmacy costs, medical insurance costs, and lost productivity. A study of employer costs showed an annual cost of $4,020 for OAB patients compared to $2,633 in the non-OAB population. 34 We used the incremental difference in employer costs between the OAB and non-OAB populations to estimate 3-month productivity losses for each resource group. We conservatively assumed that patients in the low resource group experienced no productivity losses over 3 months.
Referral Rates
We estimated, using expert opinion, the referral rates to a specialist and the percentage of patients who would be lost to follow-up at 3 months. The cost of a referral includes an office visit to a specialist as well as the cost of procedures (weighted by the percentage of patients expected to receive each procedure) that are likely to be performed at the first visit. Referral rates are shown in Table 5 .
Base-Case Analysis and Sensitivity Analysis
A base-case analysis was run to determine the probable average 3-month treatment cost per patient initiating therapy with either extended-release tolterodine or controlled-release oxybutynin. We performed sensitivity analyses on key parameters of cost, resource utilization, and treatment rate, using a ±10% and 25% range around key variables. The variables included firstline drug costs, non-first-line drug costs, all costs, resource utilization, all treatment rates, and treatment rates at specific nodes. Wider cost ranges using retail pharmacy prices were applied to the highly variable cost of incontinence pads. Tornado diagrams (Figures 2 and 3 ) were used to show the impact of several key variables. A tornado diagram visually displays the results of single-factor sensitivity analyses. The uncertainty in the parameter associated with the widest bar has the maximum impact on the result, with each successive lower bar having a lesser impact.
■■ Results
Base-Case Analysis
The base-case analysis showed that an average patient initiating therapy with extended-release tolterodine has 3-month treatment costs of $1,207 compared to $1,283 for controlled-release oxybutynin, a 6.3% difference. First-line OAB drug costs account for 19% and 15% of total costs for extended-release tolterodine and controlled-release oxybutynin, respectively. Results for the base-case analysis are shown in Table 6 .
The rate at which an average patient will continue monotherapy with extended-release tolterodine is higher compared to controlled-release oxybutynin, 58.1% versus 50.6%, respectively. At the same time, the average probable costs for a patient continuing monotherapy was 6.4% lower with extended-release tolterodine ($963 to $1,041). Conversely, a controlled-release oxybutynin patient was 7.2% more likely to switch therapy, although costs were only slightly higher compared with extended-release tolterodine ($1,491 to $1,482). The other post-first-line drug therapy options (add therapy, and discontinue OAB therapy) all showed less than a 2% difference in probable cost per patient between the comparators.
Compared to extended-release tolterodine, the controlledrelease oxybutynin results show that a larger percentage of the total costs come from not continuing first-line therapy. On average, more than 36% of costs for a patient will come from switch- Procedures Performed by a Specialist ing therapy, and more than 9% of costs come from discontinuing OAB therapy. In contrast, less than 30% of extended-release tolterodine costs come from switching therapy, and less than 8% of costs come from discontinuing OAB therapy.
Sensitivity Analyses
Results from sensitivity analyses are shown in Table 7 . These results are graphically depicted as tornado diagrams in Figures  2 and 3 .
Costs
Sensitivity analyses on costs were relatively stable. No cost parameter change resulted in an overall cost advantage for controlled-release oxybutynin. The magnitude of extended-release tolterodine' s cost advantage was most affected by changes in all other costs, i.e., costs other than first-line drug costs (where a 25% increase/decrease in costs resulted in a 34% increase/ decrease in the cost advantage). Changes in either drug costs or all costs had less impact on the magnitude of extended-release tolterodine' s cost advantage. Break-even costs for the OAB first-line drugs were also calculated. The cost of extended-release tolterodine can be increased up to 34% above the base case before equaling controlled-release oxybutynin. Conversely, the cost of controlledrelease oxybutynin would have to be reduced by 39% before achieving cost parity.
Resource Utilization
A sensitivity analysis was also performed on the key assumption that variations in resource utilization depend on the effectiveness of the drug therapy. If no difference in resource utilization is assumed, and patients are assigned low, medium, or high resource utilization, then any cost differential between the 2 therapies disappears, with controlled-release oxybutynin having a slight (less than 1%) cost advantage over extended-release tolterodine. Overall cost differences between the 2 treatments are, therefore, highly dependent on the assumption that resource consumption is related to the patterns of treatment.
Treatment Rates
Sensitivity analysis on treatment rates shows they are key parameters driving the results of the model. Several scenarios were examined, including (1) reversing the treatment rates for extended-release tolterodine and controlled-release oxybutynin, (2) assigning both treatment groups the extended-release tolterodine treatment rates, (3) assigning both groups the controlledrelease oxybutynin treatment rates, and (4) varying the rates at key nodes. The first scenario, which reversed the treatment rates for the 2 products, showed that costs for patients receiving controlled-release oxybutynin would be 10% less than for patients receiving extended-release tolterodine, as one would expect. The second scenario, where treatment rates are equal, resulted in similar costs between the 2 products, with controlled-release oxybutynin being approximately 1% less costly.
Varying the probabilities at nodes A and D also demonstrated some sensitivity. At node A, if the rate of continuing extendedrelease tolterodine was decreased by about 20 percentage points, or if the rate of continuing controlled-release oxybutynin was increased 20 percentage points, the overall costs would be equal. It was also found that if the rates of dose increases were equal 
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(node D), the 2 drugs would be nearly cost-equivalent.
■■ Discussion
The model results suggest that extended-release tolterodine yields a small cost advantage over controlled-release oxybutynin when used as a first-line therapy in the PCP setting. Extendedrelease tolterodine patients would be expected to incur fewer costs related to resources such as physician visits and referrals, comorbidities, and productivity loss. Although most patients continued monotherapy, more patients taking extended-release tolterodine continued without dosage changes, and more patients on controlled-release oxybutynin incurred dose increases. Thus, in this model, fewer resources were consumed by extended-release tolterodine patients. While sensitivity analysis showed that the results are stable for a range of costs, both drug and nondrug, the model did show some degree of sensitivity to assumptions related to resource utilization and treatment rates. We assumed that resource consumption varied depending on treatment effectiveness. If we assume resource utilization is unrelated, overall treatment costs are virtually identical between the 2 treatments. Key treatment rates were those showing that extended-release tolterodine patients would continue on first-line monotherapy without dosage changes at a higher rate than controlled-release oxybutynin patients. If these rates are made equal or reversed, the cost advantage for extended-release tolterodine disappears. However, discussions with clinical experts, along with existing retrospective studies, 10,35 suggest higher continuation rates, and greater persistence can be expected for extended-release tolterodine as compared to controlled-release oxybutynin.
The model does not address a few important issues. Information regarding resources consumed by patients who do not seek treatment for OAB is lacking; therefore, these patients were excluded. We did not include other possible treatments for OAB or the effectiveness of nonpharmacologic treatments, whether alone or in combination with drug therapy, as these are not well-documented. The quality-of-life (QOL) impact of OAB has been studied, but insufficient information is available regarding patient utilities to incorporate quality of life into the model. The long-term impact of drug treatment is unknown, and was not considered in the model. Drug compliance is an important issue for OAB treatment; however, in our model, compliance was not addressed directly. Since the model was conducted from a payer perspective, different compliance rates do not impact the cost calculations in the model as the amount of drug purchased would be the same regardless of compliance. Noncompliance leading to changes in therapy or discontinuation of treatment was considered in developing treatment rate estimates. The possible effect of differing compliance rates on efficacy among the comparators is not known.
While clinical trials of drugs for OAB have most often focused on reducing the number of incontinence episodes as the primary efficacy endpoint, other variables are also relevant, such as reduced micturitions, smaller urine volume, reduced urgency, minimal side effects, ability to tolerate and remain on medication, and nighttime incontinence and urgency, to name a few. Quality of life, social issues, coping skills, nonpharmacologic interventions, and the patient' s motivation to comply with those interventions all play a role in an OAB patient' s treatment. This complexity makes it difficult to comprehensively model the disease and its treatment while taking these aspects into consideration.
Many variables contribute to whether or not a particular treatment is effective. The symptoms of OAB-which include not only urge incontinence but also urgency and/or frequency-have a significant, negative impact on patient QOL, and the goal of treatment is to reduce symptoms and improve QOL. Also, a patient must remain on therapy for it to have the chance to be effective. Therefore, products that are better tolerated are more likely to produce a positive outcome. A therapy that reduces symptoms, improves QOL, and is well-tolerated should reduce the need for other medical resources that are used to treat the disease.
■■ Conclusion
The results from this analysis suggest that for patients with OAB who are initiating long-acting pharmacologic therapy in the primary care setting, treatment with extended-release tolterodine is slightly less costly than treatment with controlled-release oxybutynin. With recent studies showing better persistency and tolerability for extended-release tolterodine compared to controlled-release oxybutynin, further clinical and economic studies need to incorporate the complex interaction of effectiveness, tolerability, persistence, and QOL changes and the resulting cost offsets. These efforts will add to the base knowledge gained from our analysis and help decision makers further distinguish between the 2 drugs. 
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